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1 .  PURPOSE. T h i s  c i r c u l a r  p r o v i d e s  g u i d a n c e  and a c c e p t a b l e  means,  no t  t h e  
s o l e  means,  by which  compl i ance  may b e  shown w i t h  t h e  d e s i g n  r e q u i r e m e n t s  
o f  P a r t  3 3  t o  min imize  t h e  p r o b a b i l i t y  of t h e  o c c u r r e n c e  of an i n t e r n a l  
f i r e  when t i t a n i u m  i s  used  i n  a i r c r a f t  t u r b i n e  e n g i n e s .  

2. APPLICABLE REGULATIONS. P a r t  3 3 ,  S e c t i o n s  3 3 . 1 7 ( f )  and 33.19. 

3. REFERENCES. 

a .  Repor: No. FA4-RD-79-51, " T i t a n i u m  Combust ion  i n  T u r b i n e  E n g i n e s , "  
J u l y  1979 . (NTIS A c c e s s i o n  Number AD A075 657) .  

b. B r i t i s h  C i v i l  A i r w o r t h i n e s s  R e q u i r e m e n t s ,  Appendix t o  C h a p t e r  C3-2, 
P a r a g r a p h  3 ,  T i t a n i u m  F i r e s ,  d a t e d  Augus t  28 ,  1981.  

4. BACKGROUND. T i t a n i u m  i s  used  i n  a i r c r a f t  e n g i n e s  b e c a u s e  of i t s  low 
d e n s i t y ,  h i g h  s p e c i f i c  s t r e n g t h ,  and c o r r o s i o n  r e s i s t a n c e .  Whi le  t h e s e  a r e  
s i g n i f i c a n t  b e n e f i t s ,  t i t a n i u m  h a s  some u n i q u e  p r o p e r t i e s  t h a t  make i t  
u n s u i t e d  f o r  some a p p l i c a t i o n s  w i t h i n  t u r b i n e  e n g i n e s .  P a r t i c u l a r l y ,  
t i t a n i u m  h a s  two p r o p e r t i e s  t h a t  can  combine t o  make i t  v u l n e r a b l e  t o  
combus t ion :  ( 1 )  u n l i k e  most o t h e r  s t r u c t u r a l  m e t a l s ,  t i t a n i u m  i g n i t e s  a t  a  
l ower  t e m p e r a t u r e  t h a n  i t  m e l t s ,  and ( 2 )  i t  h a s  a  l ower  c o n d u c t i v i t y  of 
h e a t .  Thus ,  h e a t  may n o t  be  r e a d i l y  conduc ted  away from i t s  s o u r c e ,  
t h e r e b y  p e r m i t t i n g  t h e  t i t a n i u m  t o  mors r a p i d l y  r e a c h  i t s  i g n i t i o n  
t e m p e r a t u r e .  Hard r u b s  a r e  t h e  most common s o u r c e  of h e a t .  Rubs may 
r e s u l t  from f o r e i g n  o b j e c t  damage ( F o D ) ,  s e c o n d a r y  damage, s t a l l ,  b e a r i n g  
f a i l u r e ,  u n b a l a n c e  a n d / o r  c a s e  d e f l e c t i o n .  Dur ing  a  r u b ,  t h e  low t h e r m a l  
c o n d u c t i v i t y  t i t a n i u m  component may r a p i d l y  r i s e  t o  t h e  i g n i t i o n  
t e m p e r a t u r e .  

T h e r e  have  been  o v e r  140 known i n s t a n c e s  of t i t a n i u m  f i r e s  i n  a i r c r a f t  
t u r b i n e  e n g i n e s  i n  f l i g h t  and d u r i n g  ground t e s t s .  A few of t h e s e  
i n s t a n c e s  h a v e  been  s e r i o u s  from a  f l i g h t  s a f e t y  p o i n t  of view. -4 
f a i r  p r o p o r t i o n  have  r e s u l t e d  i n  s i g n i f i c a n t  damage t o  t h e  e n g i n e  and 
c o u l d  unde r  some c i r c u m s t a n c e s  be h a z a r d o u s .  I n  a l m o s t  a l l  t h e s e  
i n s t a n c e s ,  t h e  t i t a n i u m  f i r e  was a  s e c o n d a r y  e v e n t  where  some th ing  
e l s e  f a i l e d  f i r s t  and r e s u l t e d  i n  a  s i t u a t i o n  which c a u s e d  some 
t i t a n i u m  p a r t  t o  be h e a t e d  t o  i t s  i g n i t i o n  t e m p e r a t u r e .  U s u a l l y  t h i s  
f a i l u r e  was a  t i t a n i u m  compres so r  b l a d e  t h a t  f a i l e d  from f o r e i g n  
o b j e c t  ingestion, v i b r a t i o n ,  a  heavy  r u b ,  o r  some o t h e r  o c c u r r e n c e .  
Fo r  example ,  a  b roken  b l a d e  when lodged  i n  a  l o c a t i o n  where i t  is  
rubbed  bv a  r o t a t i n g  component can  he h e a t e d  by f r i c t i o n  t o  i t s  



i g n i t i o n  t e m p e r a t u r e .  Once i g n i t e d ,  t i r a n i u m  combust ion  c o n t i n u e s  
u n t i l  e i t h e r  t h e  t i t a n i u m  i s  d e p l e t e d ,  t h e  a i r  p r e s s u r e  f a l l s  below 
some c r i t i c a l  v a l u e ,  t h e  combus t ion  p r o g r e s s e s  t o  a  heavy  s e c t i o n ,  o r  
t n e  i g n i t i o n  e n e r g y  s o u r c e  is  removed. T i t a n i u m  f i r e s  a r e  f a s t  
b u r n i n g ,  i . e . ,  20 s e c o n d s  o r  l e s s ,  and a r e  e x t r e m e l y  i n t e n s e .  The 
m o l t e n  p a r r i c l e s  i n  t i t a n i u m  f i r e s  g e n e r a t e  h i g h l y  e r o s i v e  h o t  s p r a y s  
which have  burned th rough  compresso r  c a s i n g s  w i t h  r e s u l t i n g  r a d i a l  
e x p u l s i o n  of  mo l t en  o r  i n c a n d e s c e n t  m e t a l .  

With t h e  i n c r e a s e d  u s e  of t i t a n i u m  i n  commercia l  a i r  c a r r i e r  s e r v i c e ,  
s e v e r a l  s i g n i f i c a n t  s e r v i c e  i n c i d e n t s  o c c u r r e d  which i n d i c a t e d  t h e  
need  f o r  a  b e t t e r  u n d e r s t a n d i n g  of t h e  n a t u r e  of t i t a n i u m  combust ion .  
The N a t i o n a l  Bureau of S t a n d a r d s  u n d e r  c o n t r a c t  t o  t h e  F e d e r a l  
A v i a t i o n  A d m i n i s t r a t i o n  s t u d i e d  t h e  problem and produced a r e p o r t  
( r e f e r e n c e  ( a ) )  which summarized a v a i l a b l e  i n f o r m a t i o n  on:  

( a )  The u s e  of t i t a n i u m  i n  t u r b i n e  e n g i n e s  and s e r v i c e  e x p e r i e n c e  
w i t h  i t ,  and 

( b )  The t h e o r e t i c a l  and e x p e r i m e n t a l  r e s e a r c h  on t h e  t i t a n i u m  
combus t ion  phenomena. 

The i n f o r m a t i o n  i n  r e f e r e n c e  ( a )  p r o v i d e s  t h e  b a s i s  f o r  t h e  d e s i g n  
c o n s i d e r a t i o n s  l i s t e d  i n  p a r a g r a p h  5 of t h i s  Adv i so ry  C i r c u l a r .  

The B r i t i s h  C i v i l  A v i a t i o n  A u t h o r i t y  h a s  s p e c i f i e d  i n  r e f e r e n c e  ( b )  a 

t h a t  i t  w i l l  n o r m a l l y  be assumed a  t i t a n i u m  f i r e  i s  p o s s i b l e  i f  
s t a t i o n a r y  t i t a n i u m  m a t e r i a l  e x i s t s  i n  a r e a s  where: 

a. P r e s s u r e  w i l l  exceed  200 kx/m2 ( 2 9 . 4  l b f  / i n 2 ) ;  and 

b. R e l a t i v e  a i r  v e l o c i t i e s  a r e  i n  e x c e s s  of a p p r o x i m a t e l y  50 
m/sec  (150 f t / s e c ) ;  and  

c .  The geometry i s  s u c h  t h a t  r e l a t i v e l y  t h i n  t i t a n i u m  s e c t i o n s  
e x i s t  which can be r u b b e d ,  d i r e c t l y  o r  a f t e r  s h e d d i n g ,  by r o t a t i n g  
p a r t s .  S t a t o r  b l a d e s  of c o n v e n t i o n a l  d e s i g n ,  of up t o  15 cm ( 6  i n . )  
of a i r f o i l  h e i g h t  a r e  r e g a r d e d  as f a l l i n g  i n t o  t h i s  c a t e g o r y .  

The N a t i o n a l  A e r o n a u t i c s  and S p a c e  A d m i n i s t r a t i o n  and U.S. A i r  Fo rce  
a r e  s p o n s o r i n g  c o n t r a c t u a l ,  u n i v e r s i t y ,  and in-house r e s e a r c h  
programs t o  p r o v i d e  g u i d a n c e  on t h e  u s e  of  t i t a n i u m  i n  e n g i n e s  such  
t h a t  o n l y  u n s u s t a i n e d  combus t ion  would o c c u r  unde r  abnormal  o p e r a t i n g  
c o n d i t i o n s .  These  programs p e r r a i n  t o  t i t a n i u m  combust ion  
f u n d a m e n t a l s ,  r u b  e n e r g e t i c s ,  b l a d e  c o a t i n g s ,  and new a l l o y s .  

5 .  DESIGN CONSIDERATIONS. S 33 .17 (£ )  of t h e  F e d e r a l  A v i a t i o n  
R e g u l a t i o n s  r e q u i r e s  t h a t :  "The d e s i g n  and c o n s t r u c t i o n  of t u r b i n e  
e n g i n e s  must minimize t h e  p r o b a b i l i t y  of  t h e  o c c u r r e n c e  of an  i n t e r n a l  
f i r e  t h a t  c o u l d  r e s u l t  i n  s t r u c t u r a l  f a i l u r e ,  o v e r h e a t i n g ,  o r  o t h e r  
h a z a r d o u s  c o n d i t i o n s . "  To comply w i t h  t h i s  r equ i r emen t  i d e a l l y ,  t h e r e  
s h o u l d  be no t i t a n i u m  i n  t h e  g a s  p a t h  of t u r b i n e  e n g i n e s .  However, 
t h e  p r o p e r t i e s  of t i t a n i u m  a r e  s u c h  t h a t  t o  p r o h i b i t  i t s  u s e  i n  

P a g e  2  Par. 4 



c e r t a i n  r o t a r i n g  p a r t s  o f  :he e n g i n e  would s i g n i f i c a n t l y  i n c r e a s e  
e n g i n e  w e i g h t .  F o r t u n a t e l y ,  e x p e r i e n c e  i n d i c a t e s  t h i s  ex t r eme  
p o s i t i o n  i s  not  n e c e s s a r y .  The a p p l i c a t i o n  of t i t a n i u m  i n  t h e  e n g i n e  
d e s i g n  s h o u l d  be d i r e c t e d  p r i m a r i l y  t o  min imiz ing  t h e   roba ability of 
u n c o n t a l n e d  t i t a n i u m  f i r e s ,  i . e . ,  f i r e s  t h a t  p e n e t r a t e  t h e  e n g i n e  
c a s i n g .  Des ign  f e a t u r e s  t h a t  min imize  t h e  p o s s i b i l i t y  of igni : ion and 
p r o p a g a t i o r .  of combust ior .  v i l ?  a i d  i n  a c h i e v i n g  t h e  p r i m a r y  o b j e c ~ i v e  
and o v e r a l l  e n g i n e  r e l i a b i l i t y .  

R e f e r e n c e  ( a )  h a s  a  s e c t i o n  on t h e  p r e c a u t i o n s  and p r e v e n t a t i v e  
measu re s  t h a t  can  be u sed  t o  a s s i s t  i n  t h e  d e s i g n  of a i r c r a f t  t u r b i n e  
e n g i n e s  when t i t a n i u m  i s  t o  be u sed .  The f o l l o w i n g  c o n s i d e r a t i o n s  a r e  
based  on proven  d e s i g n  e x p e r i e n c e  and s h o u l d  be f o l l o w e d  i n  e v a l u a t i n g  
:he u s e  of t i t a n i u m  i n  e n g i n e s ;  howeve r ,  t h e y  a r e  n o t  necessarily t h e  
o n l y  means a v a i l a b l e  t o  t h e  d e s i g n e r .  

a.  P a r h  of c o m b u s t i o n  ~ r o d u c t s .  When t i t a n i u m  m a t e r i a l s  a r e  used  
i n  an engLne d e s i g n ,  a n  a n a l y s i s  s h o u l d  be m d e  of t h e  p a t h s  t h e  
p r o d u c t s  of combusr ion  w i l l  t a k e  t o  v e r i f y  t h a t  a t i t a n i u m  f i r e  w i l l  
be c o n t a i n e ?  w i t h i n  t h e  e n s i n e .  I f  t h e s e  mo l t en  p r o d u c t s  can  r e s u l t  
i n  f a i l u r e s  c h a t  a r e  u n c o n t a i n e l  o r  o t h e r  h a z a r d o u s  c o n d i t i o n s ,  t h e  
d e s i g n  s h o u l ?  be chaneed  zo p r e v e n t  t h e s e  p o s s i b i l i t i e s .  

D. C o r ~ r e s s o r  c a s i n c .  The d e s i g n ,  c o n s ~ r u c t i o n ,  and m a t e r i a l s  
u sed  f o r  t h e  compres so r  c a s i n g  must p r o v i d e  f o r  t h e  c o n t a i n m e n t  of  
f i r e  and c o n s e q u e n t i a l  damage i n  compl i ance  w i t h  FAR S S  33 .17( f )  and 
33.19. The compres so r  c a s i n g  i n  a r e a s  where t i t a n i u m  combust ion  may 
o c c u r  s h o u l ?  n o t  be of t i t a n i u m  u n l e s s  i t  i s  s u i t a b l y  p r o t e c t e d  t o  
p r e v e n t  aE s n c o n t a i n e d  f i r e  and i t s  c o n s e q u e n t i a l  damage. 

c. C o ~ 3 r e s s o r  s t a t o r  v a n e s .  The d e s i g n ,  c o n s t r u c t i o n ,  and 
m a t e r i a l s  used  f o r  c o m p r s s s o r  s c a t o r  v a n e s  must conform t o  t h e  
c o n t a i n n e n r  r e q u i r e m e n t s  a s  s p e c i f i e l  i n  FAR $ 3 3 . 1 7 ( f ) .  The 
compres so r  s :a tor  v a n e s  s h o u i d  n o t  be of t i t a n i u m  i f  i g n i t i o n  c a n  
r e s u l t  i n  u n c o n z ~ f n e d  f i r e .  E x p e r i e n c e  shows :hat f o r w a r d  s t a g e s  can  
be e x c e p z e ?  i f  t h e  v a n e s  a r e  i a r ~ e  enough a n d l o r  s h r o u d e d  co a v o i d  
b r e a k i n g  d u r l n s  f o r e i g n  o b j  e c t  i n g e s t i o n .  

d.  S e z l s .  Tne d e s i g r . ,  c o n s t r u c t i o n ,  and m a t e r i a l s  used  f o r  s e a l s  
musz conform co :he r e a u l r e m e n : ~  of FA?, 5 3 3 . 1 7 ( f ) .  The u s e  of 
t i r a n i u r n  f o r  e i t h e r  t h e  r o t a t i n g  o r  s z a t i o n a r y  p a r t  of s e a l s  s h o u l d  
h a v e  d e s i g ~ .  f e a t u r e s  t h a t  i n h i b i t  i g n i t i o n  and min imize  t h e  
p o s s i b i l i t y  of p r o p a g a t i n g  combus:ion. 
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